Introduction {#sec1-1}
============

Interhemispheric arachnoid cysts (IHACs) are rare congenital lesions containing cerebrospinal fluid (CSF) surrounded by arachnoid membranes located in the interhemispheric fissure. Overall arachnoid cysts (AC) comprise about 1% of all intracranial lesions.\[[@ref1][@ref2][@ref3]\] The most common location of supratentorial AC is the middle cranial fossa and IHACs are extremely rare accounting for 5% of all cases.\[[@ref4][@ref5]\] Majority of IHAC are asymptomatic and detected incidentally; however, symptoms can be produced by large lesions due to mass effect on surrounding brain parenchyma. IHAC usually occur in the midline and close to lateral ventricle and cisterns. The symptom profile depends on the location of these cysts. Most of these cysts present with macrocephaly, developmental delay, and seizures.\[[@ref6][@ref7][@ref8][@ref9]\] Asymptomatic IHAC can be followed, but symptomatic IHAC require surgical management.\[[@ref10][@ref11]\] Optimal surgical management of these cystic lesions is controversial and a matter of debate. Surgical options consist of craniotomy with microsurgical cyst fenestration, neuroendoscopic fenestration, or placement of a shunt.\[[@ref2][@ref7][@ref8][@ref12][@ref13]\] Cyst fenestration means opening the cyst either into a ventricle (cystoventriculostomy \[CV\]) or cistern (cystocisternostomy \[CC\]) or both.\[[@ref1][@ref9][@ref13]\] In literature, there exist only a few small isolated care reports and small case series on IHAC and till date, there are no clear management guidelines. We report our surgical experience in the management pediatric patients of IHAC admitted and operated at our center.

Materials and Methods {#sec1-2}
=====================

A retrospective analysis of all pediatric patients admitted and operated for IHAC at our center was made from July 2012 to July 2015. Only symptomatic patients were included in the study. Medical record, admission, operative notes, and neuroimaging were analyzed. Preoperative and at least one postoperative neuroimaging were compared for any change in cyst size. Six pediatric patients with IHAC were operated during the study period. The choice of surgical approach and technique was the decision of the treating faculty. All patients were followed up clinically and radiologically at regular intervals.

Neuroimaging {#sec2-1}
------------

All cases underwent either noncontrast computerized tomography or magnetic resonance imaging (MRI) before or after the procedure. Comparison of cyst size was made before and after surgical procedure.

IHAC has been historically classified using Barkovich classification system.\[[@ref14]\] Type 1 cysts are those in which there is a ventricular communication, whereas Type 2 cysts are those in which there is no communication. Type 2 IHAC associated with corpus callosum agenesis is further grouped as 2a if there is no abnormality other than agenesis of corpus callosum. IHAC associated with Aicardi syndrome and subcortical heterotopia are grouped as Type 2b, 2c, respectively. All the cases in our cohort were Barkovich Type 2a.\[[@ref14]\] Mori further classified these cysts as either intra- or extra-axial depending on their location associated ventricular communication and corpus callosum agenesis.\[[@ref15]\] Extra-axial cysts were further classified and subdivided as unilateral, bilateral, and parasagittal. All the cysts in the current series were extra-axial type according to Mori classification. The distinction between extra-axial and intra-axial can be easily made on MRI. The presence or absence of ventricular communication is important for planning surgical treatment. Intra-axial cysts communicate with the ventricles and are associated with holoprosencephaly, diencephalic, porencephalic cysts, and other complex brain malformations.\[[@ref16][@ref17]\]

Surgical techniques {#sec2-2}
-------------------

### Endoscopic fenestration {#sec3-1}

All surgeries were performed in general anesthesia using standard surgical principals. Preoperative sagittal MRI provides valuable clues about planning surgical trajectory. A single burr hole was made either on the frontal or parietal bone depending on the site of IHAC on preoperative MRI. A 0° neuroendoscope was inserted on the basis of trajectory planned by preoperative sagittal MRI. Surgical precision is increased with the use of intraoperative neuronavigation. Septations if present are broken with the help of endoscope. A CV or a CC was usually performed. The choice of the surgical procedure depends on the location of the cyst and its proximity with the ventricles and the basal cisterns. The lamina quadrigemina, interhemispheric, and prepontine cisterns can be easily be fenestrated because of their proximity to the cyst. Stoma is usually created at point where the cyst is thinnest to avoid brain damage. In one patient, in addition to CV, the endoscope could easily be navigated and a third ventriculostomy was also performed. Two or three fenestrations were usually made. All fenestrations were made using monopolar cautery. Stoma was enlarged by to-and-fro movement of the endoscope and the use of French number 3 Fogarty balloon catheter. Meticulous hemostasis was always achieved with the help of monopolar cautery. Vessels in the basal cistern and the choroid plexus are important landmarks in the case of distorted surgical anatomy. The surgical view was kept clear using continuous ringer lactate irrigation. The free movement of the stoma was seen intraoperatively. The burr hole was filled with bone dust, and incision was closed cosmetically in layers. All surgeries were performed using standard surgical techniques.

### Cystoperitoneal shunt {#sec3-2}

A low pressure either frontal of occipital cystoperitoneal shunt (CPS) was placed depending on the location of IHAC. The simplicity of surgical procedure and early reduction in cyst size make it a popular choice. Shunt surgery is safe, minimally invasive, and avoids morbidity of open cranial surgery particularly in infants. The major concern is the risk of shunt block, malfunction, and placement of external hardware. No patient in the current series underwent a ventriculoperitoneal shunt.

### Demographic and clinical profile {#sec3-3}

Six pediatric patients were operated for IHAC during the study period. There was definite male predominance as all the patients were males. The median age at presentation was 13 months (range: 9 months to 6 years). The mean duration of symptoms before surgical intervention was 12.66 months (range: 5--24 months). Even large IHAC may have subtle signs and symptoms. The most common presentation at admission was macrocrania with rapidly increasing head size as noticed in all the patients. Developmental delay was further a presenting complaint in three patients (50%). Seizure was the first presenting complaint in two patients (33.3%). One patient was admitted in emergency setting due to excessive vomiting and rapidly increasing head size. One patient presented with multiple episodes of infantile spasm. Agenesis of corpus callosum either partial or complete was seen radiologically in all the patients. The mean duration of follow-up was 24.16 months (range: 3--36 months) \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Clinical presentation at admission
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###### 

Demographic and clinical data
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### Surgical result {#sec3-4}

Both endoscopic cyst fenestration and CPSs were performed in equal number of patients. A total of three endoscopic fenestrations were performed in three patients. In one patient, cyst was directly opened in the basal cisterns. In other two, a CV was performed. An endoscopic third ventriculostomy was also performed along with CV in one patient.

Head size stabilized in all the patients after surgical intervention. Cyst size decreased in all the patients and collapsed completely in one patient on follow-up imaging. Only one surgical procedure was performed in each patient \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\].

![Preoperative axial computed tomography scan (a-d) of a 9-month-old child with a large frontal interhemispheric arachnoid cyst (Barkovich Type 2a) with agenesis of corpus callosum. He underwent right frontal medium pressure cystoperitoneal shunt. Postoperative day 1, axial computed tomography scan (e-h) a significant resolution of cyst volume and hydrocephalus (arrow indicates the catheter inside the cyst)](JPN-11-29-g003){#F1}

![Preoperative magnetic resonance imaging images (a-f) of a 6-year-old child demonstrating T1-weighted axial (a and b) T2-weighted axial (c) T2-weighted sagittal (d) T2-weighted coronal (e and f) views of a large Barkovich Type 2a interhemispheric arachnoid cyst with agenesis of corpus callosum. He underwent endoscopic cystoventriculostomy with endoscopic third ventriculostomy. Postoperative axial computed tomography scan (g and h) revealed significantly decreased cyst volume. The patient had a right subdural collection on postoperative scan which was managed conservatively and he did not require subduroperitoneal shunt](JPN-11-29-g004){#F2}

![Preoperative images of a 14-month-old child demonstrating T2-weighted axial magnetic resonance imaging (a), T2-weighted coronal magnetic resonance imaging (b) and axial computed tomography (c and d) views of a large frontoparietal Barkovich Type 2a interhemispheric arachnoid cyst with agenesis of corpus callosum. He underwent right low pressure cystoperitoneal shunt. Postoperative day 1, axial computed tomography (e and f) showing catheter inside the cyst. Postoperative axial computed tomography at 18 months follow-up showing marked resolution of cyst volume and hydrocephalus](JPN-11-29-g005){#F3}

### Complications {#sec3-5}

There was no mortality or major morbidity in the study cohort. One patient developed meningitis in the postoperative period and required culture sensitivity-based intravenous antibiotics. One patient developed subdural hygroma after surgery detected on follow-up imaging, but it did not warrant any surgical intervention. No patient had wound infection, CSF leak, or symptomatic hydrocephalos. No patient required a second surgical procedure in either endoscopy or shunt group till last follow-up \[[Table 3](#T3){ref-type="table"}\].
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Comparative surgical results
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Discussion {#sec1-3}
==========

ACs are rare congenital lesions which account for about 1% of all intracranial lesions in the pediatric population, and IHAC is the rarest type of AC.\[[@ref1][@ref4][@ref10][@ref11]\] The exact incidence is not known due to rarity and absence of longitudinal population studies. According to Rengachary and Watanabe, IHAC account for 5% of all ACs.\[[@ref4]\] The clinical and demographic profile in the current series is similar to previous reports in literature.\[[@ref3][@ref5][@ref6][@ref7][@ref18]\] Definite male predominance was noticed in the current series with all patients being male. In the current series, no patient was diagnosed in the prenatal period because ultrasound scans were not performed in any of the patients. Patients were diagnosed only when they presented with symptoms and radiological scans were done.

In literature, optimum surgical management of symptomatic and large asymptomatic IHAC diagnosed incidentally is controversial. There appears to be consensus that large cysts with mass effect, macrocephaly, and intractable seizures are an indication for surgical intervention. Asymptomatic patients require long-term radiological and clinical follow-up.\[[@ref6][@ref7][@ref8][@ref18]\] Detailed neuropsychological evaluation could not be performed due to the young age of patients at presentation.

The two developmental malformations that need to be differentiated form IHAC are alobar holoprosencephaly and porencephalic cysts.\[[@ref4][@ref15][@ref17]\] Alobar holoprosencephaly develops as a result of midline fusion of cerebral parenchyma with lateral ventricles leading to mono ventricle. Porencephalic cysts are intra-axial and communicate freely with the ventricle and lack ass effect. Cortical malformations, gyral abnormalities, and carpus callosum agenesis are frequently associated with IHAC. It has been hypothesized that IHAC interferes with the development of corpus callosum due to mechanical pressure.\[[@ref14][@ref15][@ref16][@ref17]\] Griebel *et al*. studied the association of cortical malformations with IHAC.\[[@ref16]\] In our cohort also all the cases had either complete or partial agenesis of corpus callosum. The association of hydrocephalous is well-known with both AC and IHAC; however, no patient in the current cohort had hydrocephalous and no ventriculoperitoneal shunts were placed.

IHAC causes distortion of CSF pathways and produce symptoms when the cyst enlarges and cause mass effect on adjacent brain parenchyma.

The choice of the surgical intervention and the surgical corridor depends on the location of IHAC and its relation with the ventricles and the adjacent cisterns. Three surgical modalities using craniotomy, endoscope, and shunt have been described. Some authors even proposed complete excision of the cyst membrane however due to the proximity of the neurovascular structures it is rarely performed. Caldarelli and Di Rocco performed open craniotomy and microsurgery in 16 patients of IHAC with good results and no mortality.\[[@ref6]\] They recommended cyst membrane excision with fenestration of cyst into ventricle or subarachnoid space. Three patients in there series underwent a ventriculoperitoneal shunt first however all of them required a second procedure in the form of craniotomy and cyst membrane excision with marsupialization into ventricle or a CPS.

With the technical advancement in the field of neuroendoscopy, craniotomy-based approaches are largely being replaced by minimally invasive endoscopic surgery. Craniotomy was not performed in any of the case in the present series. Fenestration surgeries in the form of CC or CV are popular as they avoid the need for placement of external hardware in form of shunts.\[[@ref11][@ref18][@ref19][@ref20][@ref21]\] Shunt dependence and shunt-related complications are thus avoided. In literature, success rate of endoscopic surgery ranges from 71% to 81%.\[[@ref9][@ref13][@ref18][@ref22]\] In one of the earliest published series on neuroendoscopic management of IHAC, Cinalli *et al*. obtained good success in all seven patients however two patients still required a second shunting procedure.\[[@ref13]\] Similar results were obtained by Giannetti *et al*. who performed endoscopic fenestration in five patients with success but one patient still required a subduroperitoneal shunt.\[[@ref9]\] The distortion of surgical anatomy also makes endoscopic surgery technically challenging and hazardous so many neurosurgeons prefer simpler shunt procedures. Lena *et al*. and Mori proposed the use of shunts as optimum management of AC. In their series of 16 patients, nine did not require shunt revision at last follow-up.\[[@ref8]\]

Ulu *et al*. described a good clinical and radiological outcome with cystoperitoneal shunting in all seven patients of IHAC. However, two patients in there series required peritoneal catheter revisions due to shortening during follow-up.\[[@ref7]\]

The surgical results of the current series are comparable to other published series on IHAC.\[[@ref6][@ref13][@ref18][@ref22][@ref20][@ref23]\] The cyst size decreased in all the patients on follow-up neuroimaging. In the current series, no major shunt or endoscopic surgery-related complications were seen in any of the patients till the last follow-up. Authors are of the opinion that there always remains risk of shunt block and malfunction requiring revision surgery at a later stage.

Published literature for AC does not suggest any difference in quality of life after microsurgical, endoscopic, or shunt surgery. Till date, there has been no randomized trial for IHAC comparing the different surgical modalities. Authors are of the opinion that randomized control studies with larger number of patients and longer follow-up are needed to establish definitive surgical management protocols.

Conclusions {#sec1-4}
===========

Authors feel that both endoscopic fenestration and cystoperitoneal shunting are safe and effective in management of symptomatic IHAC. The surgical mortality and morbidity are rare in experienced hands. Surgical treatment should be offered early to all symptomatic patients.
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